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ticular enterococci [6.3 (4.8, 7.4) vs. 5.0 (3.4, 6.4) log 
 CFU/g, p = 0.018]. There was no signifi cant correlation 
between eczema severity score and bifi dobacterial 
counts.  Conclusion:  The results further confi rm previous 
reports that the gut microecosystem differs between 
children with and without eczema and extend them be-
yond infancy. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 It has been proposed that an altered lifestyle associ-
ated with industrialization over the last several decades 
has modifi ed exposure to microbes. A disturbed intestinal 
microecosystem early in life impairs normal develop-
ment of the immune system, and this in turn has been 
suggested to infl uence host susceptibility to allergy  [1] . 

 During recent decades, the prevalence of atopic der-
matitis (AD) has increased considerably worldwide  [2] . 
However, the prevalence of atopy, including AD, is low-
er in children with an anthroposophical lifestyle, suggest-
ing that non-hereditary factors may play a critical role in 
the manifestations of various allergic diseases  [3] . 

 Gut microbiota are essential for the maintenance of 
intestinal homeostasis, and their infl uence may extend 
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  Abstract 
  Background:  Recent studies have demonstrated differ-
ences in the composition of gut microbiota in infants 
with and without allergic diseases, particularly eczema. 
 Methods:  A case-control study involving 21 toddlers 
(age 3.0  8  0.5 years) with and 28 age-matched toddlers 
without eczema was conducted. Four groups of aerobic 
gut microbiota were identifi ed and quantitated in stool 
samples grown on selective media. Three groups of an-
aerobes were enumerated by fl uorescent in situ hybrid-
ization followed by quantitative fl ow cytometry. We also 
performed molecular typing of lactic-acid-producing 
bacteria (LAB) and enterococcal isolates to facilitate de-
tailed analysis at species level by bacterial 16S rDNA 
sequencing.  Results:  Toddlers with eczema harbored 
signifi cantly lower counts of  Bifi dobacterium  [(median 
0.14 (25th and 75th percentile: 0.04 and 0.47) vs. 0.71% 
(0.16, 1.79) of cells acquired, p = 0.003)] and  Clostridium  
[(0.28 (0.09, 0.78) vs. 0.83% (0.35, 1.82) of cells acquired, 
p = 0.012)] but signifi cantly higher counts of total LAB 
[7.3 (6.1, 8.5) vs. 5.7 (4.4, 7.3) log CFU/g, p = 0.006] in par-
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beyond the gut, modifying systemic immunity  [4, 5] . 
However, the roles played by various components of the 
gut microbiota are still unknown. Their potential role in 
the development of atopy is of interest, as gut microbiota 
may provide a basis for future allergy-preventive strate-
gies. In this respect,  Bifi dobacterium  and other probiotic 
bacteria have attracted attention. Lower  Bifi dobacterium 
 counts have been reported in subjects with AD  [6] . In a 
recent study, Young et al.  [7]  have suggested that the ben-
efi cial effect of  Bifi dobacterium  may be strain dependent. 
However, a signifi cant proportion of the gut microbiota 
comprises microorganisms that cannot be isolated, and 
their infl uence on the immune system is unknown. We 
have compared the composition of certain gut microbio-
ta in urban Singapore toddlers with and without eczema, 
employing conventional as well as modern microbiology 
methods and molecular typing of lactic-acid-producing 
bacteria (LAB) and enterococcal isolates. 

 Patients and Methods 

 Study Design 
 The study groups comprised 21 toddlers with eczema and 28 

age-matched healthy controls. The diagnosis of eczema was made 
by two pediatricians (B.W.L. and H.P.v.B.) based on diagnostic 
criteria described by Hanifi n and Rajka  [8] . A simple severity score, 
the Three Item Severity Score (TIS), was employed to assess the 
severity of skin symptoms. The TIS score is based on the evaluation 
of erythema, edema/papulation and excoriation on a scale from 0 
to 3, with a total of 9 as the maximum score  [9] . Healthy controls 
were recruited from a larger random cohort being followed for 
breastfeeding habits at the National University Hospital, Singa-
pore. They had neither signs of eczema or of other allergic diseases 
at the time of recruitment nor a personal or family history of ec-
zema, allergic rhinitis or asthma. Furthermore, children were ex-
cluded if they had an acute illness or had taken any medicines, 
including antibiotics, within 14 days of stool collection. The study 
was approved by the Institutional Review Board at the National 
University Hospital. 

 Clinical Characteristics of the Participants 
 All toddlers were 3.0  8  0.5 years. The median TIS score for af-

fected toddlers with onset of eczema in infancy was 4 (range 3–7). 
All children were born in Singapore and none were receiving pro-
biotic supplementation. Our subjects represent a cohort of children 
living in a cosmopolitan society consuming a diet intermingled with 
a mixture of Malay, Chinese, Indian and European cultures. The 
eczema and healthy groups were also similar in previous exposure 
to antibiotics (eczema 82% vs. healthy 80%). Eczematous subjects 
(72%) and healthy subjects (57%) were exclusively breast-fed, for 
mean durations of 4.39 vs. 2.21 months, respectively (unpaired 
 t test, p = 0.14). There was 1 subject in the eczema group who was 
on a cow’s milk exclusion diet due to cow’s milk allergy. All subjects 
had birth weights above 2.5 kg except for 1 subject in the healthy 
group with a birth weight of 1.9 kg. 

 Sample Collection and Preparation 
 Fecal samples were collected into sterile plastic vials by parents, 

stored at –20   °   C and delivered to the laboratory within 20 h. The 
samples were all kept cool on a dry ice pack during transport and 
upon arrival to the laboratory immediately diluted with saline to 
make up a 0.1 g/ml concentration. After homogenizing, conven-
tional culture and fi xation were performed. 

 Culture 
 The bacterial counts and identifi cation of the various species 

were based on growth, color and number of colonies on selective 
media, Gram staining and cell morphology. In a preliminary study, 
API-kit-based biochemical tests were performed to confi rm the se-
lectivity of media. Selective media used were de Man-Rogosa-
Sharpe agar (MRS; Oxoid) for total LAB; Slanetz and Bartley agar 
(S&B; Oxoid) for  Enterococcus  spp.; McConkey purple agar (Ox-
oid) for coliforms and  Staphylococcus  Medium No. 110 (Oxoid) for 
 Staphylococcus spp . The samples were serially diluted (10 –1  to 10 –8 ) 
in saline in a bio-safety cabinet. The MRS agar plates were incu-
bated at 37   °   C, 5% CO 2  for 48 h, McConkey purple agar plates at 
35   °   C aerobically, overnight, S&B agar plates at 35   °   C for 2 h and 
then at 44   °   C for 44 h and  Staphylococcus  No. 110 agar plates at 
35   °   C aerobically for 48 h. Bacteria were quantifi ed employing the 
drop plate technique by culturing 25  � l of sample in duplicate per 
dilution on the same plate. 

 Fluorescence in situ Hybridization (FISH) 
 For anaerobic bacteria, a selective count was done using 16S-

rRNA-specifi c probes and FISH. The optimum probe concentra-
tion was found to be 5 ng/ � l, as described in  [10] . Specifi c probes 
used were CAT-CCG-GCA-TTA-CCA-CCC for  Bifi dobacterium ; 
GAG-CCG-CAA-ACT-TTC-ACAA for the  Bacteroides   fragilis 
 subgroup; CCG-CCT-GCC-TCA-AAC-ATA for the  Bacteroides  
 distasonis  subgroup; TTA-TGC-GGT-ATT-AAT-CT(C/T)-CCT-
TT for the  Clostridium   histolyticum  subgroup, and GTT-ATC-
CGT-GTG-TAC-AGGG for the  Clostridium   lituseburense  sub-
group  [10, 11] . 

 These probes were tested with the following control bacteria by 
means of fl ow cytometry as well as fl uorescent microscopy and 
found to be specifi c. The positive controls were  Bacteroides  and 
 Bifi dobacterium  strains provided by the Department of Microbiol-
ogy, National University of Singapore.  C.   lituseburense  ATCC25759 
and  C.   histolyticum  ATCC17859 were obtained from American 
Type Culture Collection, USA. A strain of  Enterococcus faecalis  
provided by the Department of Microbiology, National University 
of Singapore, was used as a negative control. The specifi city of 
probes for the FISH analysis was validated by hybridization with 
their positive control strains as well as cross-hybridized with nega-
tive control strains. In pilot experiments with samples from 5 chil-
dren, we also obtained reasonable counts expressed in percent of 
FITC-labeled cells from those fi xed stool samples. In almost all 
samples, all targeted bacteria groups could be detected, employing 
the protocol. 

 For FISH analysis, 0.01 g of stool sample was fi xated as de-
scribed by Langendijk et al.  [10] . Briefl y, 1 ml was removed from 
the 10 –1  dilution and centrifuged at 12,000 rpm for 3 min to pellet 
cells. Cells were then fi xed overnight with 1 ml 4% paraformalde-
hyde (vol/vol) at 4   °   C, washed twice in PBS and resuspended in 
 1 ml of PBS:ethanol (1:   1/ v/v). After storing at –20   °   C for at least 
 2 h, subsamples of the fi xed cells were hybridized overnight at 50   °   C 
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in hybridization buffer (20 m M  Tris-HCl, 0.9  M  NaCl) with its 
FITC-labeled specifi c probe(s). Hybridization buffer used for de-
tecting  Clostridia  spp. was supplemented with 10% dextran sulfate. 
After overnight hybridization, cells were washed twice with PBS 
before quantifi cation by fl ow cytometry. 

 Samples were analyzed with a Becton-Dickinson FACScalibur 
fl ow cytometer (San Jose, Calif., USA). Cells hybridized with la-
beled probes were compared with cells incubated with hybridiza-
tion buffer alone. Ten thousand cells were acquired for analysis per 
sample and bacterial concentrations adjusted to lower than 1,000 
events/s. True-positive counts were determined by subtracting 
background shift observed in unstained samples. 

 Genotypic Characterization of LAB 
 Molecular genotyping was done as described by Randazzo et al. 

 [12] . Briefl y, bacterial genomic DNA was isolated and amplifi ca-
tion of the conserved bacterial 16S rDNA region was performed to 
produce a 1.5-kb DNA fragment, followed by restriction digestion 
using three enzymes to generate restriction fragment length poly-
morphism (RFLP) patterns. Selected pure strains were then par-
tially sequenced in order to search for homology with currently 
available sequences. 

 Ten colonies each from S&B and MRS agar were selected from 
7 children (3 healthy controls and 4 patients with eczema) and fur-
ther characterized. The sample from 1 of the healthy subjects had 
no colonies on S&B agar, giving a total of 130 colonies (60 from 
S&B and 70 from MRS). Samples from children with and without 
eczema were compared with regard to diversity of MRS-derived 
LAB isolates and S&B-derived enterococcal isolates, and genotyp-
ic characteristics of coccal isolates from MRS with those from S&B. 
Furthermore, strains were identifi ed by partial sequencing of the 
conserved region of bacterial 16S rDNA. 

 For isolation of genomic DNA from individual strains of bac-
teria, colonies were selected from each selective medium plate ac-
cording to colony morphologies and depending on the frequency of 
occurrence on selective medium. The cell cultures (1.5 ml) were 
centrifuged at 8,000 rpm for 10 min, and the cell pellets were 
washed and resuspended in 0.5 ml of TE buffer (10 m M  Tris-HCl, 
1 m M  EDTA; pH 8.0). Using a 2-ml tube containing 0.3 g of sterile 
0.1-mm glass beads, the mixture was vortexed for 10 min. The ho-
mogenate was centrifuged at 13,000 rpm for 5 min and the super-
natant fl uid was isolated. The supernatant was purifi ed using col-
umns from the Qiagen DNeasy DNA isolation kit. Supernatant 
fl uid was stored at –20   °   C until use. 

 PCR amplifi cation was done using primers 7f 5 � -AGAGTTT-
GATC/TA/CTGGCTCAG-3 �  and 1510rev 5 � -ACGG(C/T)TAC-
CTTGTTACGACTT-3 � . Thermal cycles were programmed as fol-
lows: 94   °   C for 3 min; 30 cycles of 94   °   C for 30 s, 52   °   C for 30 s and 
68   °   C for 1.5 min, and, fi nally, 68   °   C for 7 min. 

 Restriction enzyme digestion of 16S rDNA PCR products was 
performed with  Hae III,  Hin 6I and  Alu I (MBI Fermentas). DNA 
gel electrophoresis of the digested products was performed on 2% 
(w/v) agarose gel. 

 Partial sequence of selected pure strains was directly sequenced 
using primer 1,100 reverse  [12]  5 � -GGGTTGCGCTCGTTG-3 � . 
Sequence analysis was done using BigDye version 3.1 terminator 
cycle (Applied Biosystems, Foster City, Calif., USA). Homology 
searches of 16S rDNA sequences were performed using the BMCI 
BLAST service available on the World Wide Web. (http://www.
ncbi.nlm.nih.gov/sutils/genom_table.cgi). 

 Statistics 
 Aerobic counts were expressed in log CFU/g of wet fecal sam-

ples. The detection limit was 3.6. The FISH counts were expressed 
as the percentage of FITC-positive cells from a total of 10,000 cells. 
Since the bacterial counts were not normally distributed, the Mann-
Whitney U test was employed for analysis. All counts were ex-
pressed as medians (lower and upper quartiles). Fischer’s exact test 
was used to compare the prevalence of colonization. Spearman’s 
rank correlation was used to compare numerical correlations be-
tween species. All statistical analysis was done using computer soft-
ware SPSS. Signifi cance was set at p  !  0.05. 

 Results 

 Bacterial Counts (Culture/FISH) 
 Toddlers with eczema harbored signifi cantly higher 

counts of LAB [7.3 (6.1, 8.5) vs. 5.7 log CFU/g (4.4, 7.3), 
p = 0.006], in particular enterococci [6.3 (4.8, 7.4) vs. 5.0 
log CFU/g (3.4, 6.4), p = 0.018]. In addition, coliform 
counts tended to be higher in the eczema group than in 
children without eczema [7.9 (6.2, 9.3) vs. 7.0 log CFU/g 
(5.5, 7.8), p = 0.084;  fi g. 1 ]. In contrast, markedly less  Bi-
fi dobacterium  spp. [0.14 (0.04, 0.47) vs. 0.71% of cells 

  Fig. 1.  Aerobic counts in eczematous (E, n = 21) and healthy
 (C, n = 28) toddlers determined by conventional culture 
(log CFU/g). Colif = Coliforms; EntC =  Enterococcus  spp.; StaphC = 
 Staphylococcus  spp. The 10th, 25th, 50th, 75th and 90th percentiles 
are displayed and statistically signifi cant p values are given. 



 Mah   /Björkstén   /Lee   /van Bever   /Shek   /Tan   /
Lee   /Chua   

 Int Arch Allergy Immunol 2006;140:157–163 160

acquired (0.16, 1.79), p = 0.003] and  Clostridium  spp. 
[0.28 (0.09, 0.78) vs. 0.83% of cells acquired (0.35, 1.82), 
p = 0.012] were found in toddlers with eczema ( fi g. 2 ). 
The  Staphylococcus  and  Bacteroides  counts were similar 
in the two groups. 

 Prevalence of Bifi dobacterium (Culture/FISH) 
 Although not statistically signifi cant, toddlers with ec-

zema tended to be less often colonized with  Bifi dobacte-
rium  (86 vs. 100%, p = 0.072) compared with the healthy 
toddlers. 

 Correlation of Various Bacterial Counts 
 A negative correlation between  Staphylococcus  and 

 Clostridium  and a positive correlation between the anaer-
obes ( Bifi dobacterium ,  Clostridium  and  Bacteroides ) were 
observed in healthy children (table 1). In contrast, only a 
positive correlation between  Bifi dobacterium  and coli-
forms was observed in children with eczema (table 1). In 
addition, a positive correlation was seen between counts 
of total LAB and enterococci as well as  Bifi dobacterium 
 and  Bacteroides  in both groups of children. 

 Genotypic Characterization of LAB 
 RFLP of 16S bacterial rDNA demonstrated that the 

enterococcal isolates could occasionally be found growing 
on selective media of LAB ( fi g. 3 ). A predominant entero-
coccal RFLP pattern, also shown in  fi gure 3 , represented 
82% of the isolates (49/60 colonies, range 40–100%). This 
pattern was observed in both groups of children. Since 
signifi cantly higher enterococcal counts were observed in 
the eczema group, we then identifi ed the enterococcal 
strains commonly found by partial sequencing of the con-
served 16S rDNA region. Twelve strains showing the pre-
dominant RFLP pattern (2 colonies isolated from each of 
the 6 toddlers) were partially sequenced. Irrespective of 
the host eczema status, half of these isolates were identi-
fi ed as  E. faecalis  V583 and the rest as  Enterococcus fae-
cium  Efae02_10. All of them shared 98–100% homology 
compared to the control strains. 

 Discussion 

 This is the fi rst study relating pediatric gut microbiota 
to AD   in the tropical region of South East Asia. The dif-
ferences in the composition of fecal microbiota between 
children with and without eczema substantiate previous 
observations in infancy and extend them into toddlers  [1, 
13–16] . Furthermore, this study observed reduced and 
different patterns of interbacterial relationships in chil-
dren with eczema compared to healthy controls ( table 1 ). 

  Fig. 2.  Anaerobic counts in eczematous (E, n = 21) and healthy (C, 
n = 28) toddlers determined by FISH, expressed as a percentage of 
cells acquired. Clos =  Clostridium  spp; Bif  = Bifi dobacterium  spp.; 
Bact =  Bacteroides  spp. The 10th, 25th, 50th, 75th and 90th per-
centiles are displayed and statistically signifi cant p values are
given. 

1 2 3 4 5 6 7

  Fig. 3.  Predominant RFLP pattern of enterococcal colonies 
isolated. Lanes 1–3 = Amplifi ed 16S rDNA of a coccal iso-
late from MRS digested with restriction enzymes  Alu I , 
Hae III and  Hin 6I, respectively; lanes 4–6 = amplifi ed 16S 
rDNA of an enterococcal isolate from S&B medium di-
gested with  Alu I , Hae III   and  Hin 6I, respectively; lane 7 = 
100-bp marker. 
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This observation further demonstrates that the patterns 
of gut microbiota differ between children with and with-
out eczema. A lower rate of colonization with  Bifi dobac-
terium  through the 1st year of life has been reported in 
infants who subsequently develop allergic manifestations 
 [13] . Watanabe et al.  [6]  compared fecal microbiota be-
tween 30 eczematous and 68 healthy subjects (age 3–13 
years) by conventional culture and found higher bifi do-
bacterial counts in the latter. Through a culture-indepen-
dent whole-cell hybridization method, we also demon-
strated a reduction in the bifi dobacterial fl ora in eczema-
tous subjects, substantiating the notion that  Bifi dobac-
terium  is associated with protection against allergic 
diseases. 

 We observed higher enterococcal and LAB counts in 
our eczema subjects compared to controls. Microscopic 
examination revealed that the majority of our LAB iso-
lates in this study were either  Lactobacillus -like   or  En-
terococcus -like bacteria. The presence of enterococcal col-
onies in both S&B (highly selective) and MRS media like-
ly contributes to the correlation between  Enterococcus  
and LAB counts in our subjects. Our PCR-RFLP studies 
on enterococcal colonies from both S&B and MRS media 
further substantiate that S&B-derived enterococci   were 
also present in MRS-derived total LAB counts. Taken 
together, the data indicate that the higher LAB   counts in 
toddlers with eczema was indeed due to elevated entero-

coccal counts. It is, however, not feasible to correct LAB 
counts for enterococci due to the differential selection 
properties of enterococci by S&B and MRS, and there-
fore the absolute  Lactobacillus  counts could not be eval-
uated. 

 In previous studies,   skin symptoms of infants with 
atopic eczema have been shown to improve signifi cantly 
after intervention with a probiotic strain of  Lactobacillus  
 [17, 18] . In contrast, it has been reported that enterococ-
ci less often colonize the gut   of young infants (at 1 week 
and 1 month) who later develop allergy compared to those 
who did not  [13] . Interestingly, Shimada et al.  [19, 20]  
reported that lysed  E. faecalis  strain [FK-23 (LFK)] could 
downregulate eosinophilia and IgE-mediated allergy in 
mice. In a subsequent clinical trial, the strain was shown 
to improve clinical symptoms of allergic rhinitis in a pilot 
study comprising 50 patients  [21] . 

 These fi ndings suggest that some  Lactobacillus/En-
terococcus  strains exhibit the potential to relieve clinical 
symptoms of allergic diseases. Mohamed et al.  [22]  com-
pared  E. faecalis  isolates from subjects with and without 
endocarditis and observed signifi cant differences in the 
degree of biofi lm formation between isolates from the two 
origins. This exciting observation suggests that enterococ-
cal isolates from different disease states exhibit different 
biochemical abilities and may thus exert different im-
pacts on their hosts. Two enterococcal strains,  E. faecalis 

Table 1. Relationships between different species of bacteria in healthy individuals and children with eczema 

 LAB Coliforms Enterococcus Staphylococcus Clostridium Bifi dobacterium Bacteroides

Healthy children
LAB  NS 0.711* NS NS NS NS
Coliforms   NS NS NS NS NS
Enterococcus    NS NS NS NS
Staphylococcus     –0.499* NS NS
Clostridium      0.661* 0.56*
Bifi dobacterium       0.75*
Bacteroides        

Children with eczema
LAB  NS 0.499* NS NS NS NS
Coliforms   NS NS NS 0.636* NS
Enterococcus    NS NS NS NS
Staphylococcus     NS NS NS
Clostridium      NS NS
Bifi dobacterium       0.555*
Bacteroides        

Correlations are expressed by Spearman’s �. Signifi cant correlations are indicated. * p < 0.01, NS indicates no 
signifi cant correlation.
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 V583   and  E. faecium  Efae02_10, were found to be pre-
dominant enterococcal species in the gut of Singaporean 
children.   Total enterococcal counts were found to be 
higher in children with eczema. If confi rmed in subse-
quent studies, our data indicate that the immunological 
roles of  Enterococcus  may not be uniform for all strains. 
As our observation was based on microbial cultures (ex-
cludes unculturable bacteria), and given the constant de-
bate on the contrasting roles of  Enterococcus  in health and 
disease, the role of  Enterococcus  in the development of 
allergy deserves further study. 

 In addition, Kalliomäki et al.  [14]  conducted a study 
involving 76 infants at high risk of atopic diseases who 
later became allergic or healthy children, but failed to 
show any signifi cant difference in terms of their  Lactoba-
cillus/Enterococcus  counts. Similarly, Watanabe et al.  [6]  
also failed to display any difference in the two counts be-
tween eczematous and healthy subjects. Again, we dem-
onstrate that eczematous children are not defi cient in lac-
tic-acid producing aerobic species, e.g.  Lactobacillus  and 
 Enterococcus . This observation is noteworthy and further 
explorations are needed, as they were previously thought 
to be key contributing species to lowering the prevalence 
of atopic diseases  [23] . Young et al.  [7]  reported that fecal 
samples from Ghana, a country with a low incidence of 
allergy, almost always contained  Bifi dobacterium infantis  
whereas those from areas with a high prevalence of al-
lergy did not. Moreover, it has been revealed that certain 
 Lactobacillus  strains infl uence B cells  [24]  and dendritic 
cells  [25]  in a strain-dependent manner. Hence, the im-
pact of a bacterial species on immunity may not be uni-
form throughout the genus. These fi ndings imply that al-
lergic children may be lacking particular benefi cial strains 
rather than the entire genus. Hence, the use of probiotics 
in specifi c health applications is a more complex issue 
than we previously thought. 

 A high detection rate of  Clostridium   diffi cile  was re-
ported in allergic infants through an indirect method 
comparing microfl ora-associated characteristics in feces 
 [26] . Kalliomäki et al.  [14]  described a reduced ratio of 
 Bifi dobacterium  to  Clostridium  as a characteristic of 3-
week gut microfl ora for high-risk neonates who later de-
veloped atopic sensitization at 12 months. In the same 
study, atopic subjects had higher counts of  C.   histolyti-
cum  (as determined by FISH), but there was no difference 
in the detection of cultured C . diffi cile . Furthermore, a 
prospective study by Björkstén et al.  [13]  showed higher 
counts of clostridia in allergic infants only at 3 months of 
age, but not later. In contrast, Watanabe et al.  [6]  report-
ed lower cultured clostridial counts in eczema subjects, 

though this was not statistically signifi cant. However, a 
study in gnotobiotic mice proved that colonization with 
 Clostridium  could promote the development of the intes-
tinal immune system  [27] . In our study, we employed the 
FISH technique targeting two gut clostridial groups, i.e. 
 C. histolyticum  and  C. lituseburense , and found them to 
be signifi cantly lower in children with eczema. These con-
fl icting reports on  Clostridium  may be related to the dif-
ferent species targeted in various studies. 

 Our fi ndings further substantiate the presence of sig-
nifi cant differences in certain species of microbiota in 
eczema subjects. The composition of most human micro-
biota is still unknown, however, and so far the only con-
sistent difference between allergic and non-allergic chil-
dren seems to be a lower prevalence and/or lower counts 
of  Bifi dobacterium  in the former. Studies in mice suggest 
that microbiota disruption could drive the development 
of airway allergic response without previous systemic an-
tigen priming  [28] . This observation was consistent for 
different antigens and mouse strains  [29] . Thus, there are 
both animal experiments and clinical studies indicating 
that gut microbiota may play a key role early in life. Our 
study suggests that the role of microbiota in childhood  
 allergy extends beyond infancy. 
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